Abstract
Introduction
The challenges experienced by students as they transition into the first year of study in Australian universities has been extensively researched and received particular attention in the Bradley Report into higher education (Bradley, Noonan, Nugent, & Scales, 2008) . The particular challenges associated with the study of first year undergraduate mathematics has been described both in Australia and internationally (e.g. Hourigan & O'Donoghue, 2007; Kajander & Lovric, 2005; Keeves, 1973) .
The regional university where this study was completed offers one first year undergraduate course in mathematics. Each cohort comprises about 250 students and in recent years has recorded a failure rate of approximately 45%. The course is compulsory in many undergraduate programs and is a pre-requisite to allow many students to be able to progress in their program of study. The course is only offered in the first semester each year. Failure to pass the course imposes a substantial penalty on students who must wait until the next year before the course is able to be attempted again and who must also be able to continue their study in the face of a course failure, which for many has occurred in the first semester of their tertiary education. Some students with a low level of preparedness who encounter such a failure have previously been demonstrated to completely disengage with mathematics at the tertiary level (Varsavsky, 2010) .
The purpose of this quantitative study was to examine the student experience in a first year undergraduate mathematics course and to determine if the availability of a single first year mathematics course required to serve all students was suitable and gave students the best opportunity for success in their university study. The paper also explores the influence that one course may have on the overall attrition rate of the university.
Theoretical background
An Australian longitudinal trend study (Krause, Hartley, James, & McInnis, 2005) of the first year transition into university identified a number of generic factors which were hypothesised to influence the quality of the outcomes achieved, including the amount of time spent on campus, whether studying full or part time and gender. Factors external to the university, including the number of hours of paid work completed and the quality of family support, were also described. A study at the University of Victoria (Cao & Gabb, 2006) identified gender, age, enrolment status, socio-economic status and the quality of academic achievement as being involved in the first year attrition phenomenon.
A number of factors have been identified as being relevant to the quality of outcomes in introductory university mathematics courses, including the quality of previous mathematics achievement and the amount of secondary school mathematics completed (Peard, 2004) . The factors identified depend on whether the source is the teaching staff or students (Anthony, 2000) where teaching staff identify student-oriented factors such as the amount of study, insufficient mathematical background and lack of previous performance and lack of effort and motivation.
Students orient their comments more towards aspects relating to the delivery of content, academic support and teaching pedagogy. The importance of an appropriate mathematics background is identified by other researchers (Hourigan & O'Donoghue, 2007; Kajander & Lovric, 2005; Peard, 2004) .
Students' attitudes towards the study of mathematics have also been demonstrated to influence the outcomes achieved (Hackett & Betz, 1989; McLeod, 1994; Reyes, 1984) and have continued to be the focus of much research relating to mathematics education (Leder & Grootenboer, 2005) . In particular, the problem solving which is inherent in the study of mathematics has been demonstrated to strongly influence students' attitudes, both positive and negative (Debellis & Goldin, 2006; Hannula, 2002) . Liljedahl (2005) examined the influence of what he described as the aha experience in undergraduate mathematics students and established that such experiences have "a transformative effect on 'resistant' students' affective domains creating positive beliefs and attitudes about mathematics as well as their ability to do mathematics" (p. 219).
Supportive and higher educated families have been identified as playing a role in improving the outcomes for students studying mathematics (Ercikan, McCreith, & Lapointe, 2005) . A similar positive effect has been identified where supportive academic staff (Midgley, Feldlaufer, & Eccles, 1989) and peer relationships (Eccles & Jacobs, 1986) have been established.
A positive staff-student relationship has also been demonstrated to reduce the level of anxiety experienced by students when undertaking mathematics courses (Clute, 1984) , particularly where the teacher takes on a counselling role which targets the students' anxiety (Furner & Duffy, 2002) . The primary predictors of anxiety in mathematics students have been shown to include the students' ability perceptions and performance expectancies (Meece, Wigfield, & Eccles, 1990 ) while females and older students have been demonstrated to experience higher mathematics anxiety (Balog lu & Koçak, 2006) .
Higher levels of mathematics anxiety have also been identified in students with lower levels of existing mathematical knowledge (Cates & Rhymer, 2003) and have been associated with lower levels of achievement (Ma, 1999) . Norwood (1994) suggested that "students with high mathematics anxiety are more comfortable with a highly structured, algorithmic course than a less structured, conceptual course" (p. 248) such as that which would be encountered at the tertiary level of education.
Secondary school mathematics study
In Queensland, where this study was conducted, there are three different mathematics courses studied in years 11 and 12: Mathematics A, Mathematics B and Mathematics C. Students intending to study mathematics at tertiary level are recommended to study Mathematics B. Those who will be completing courses which have a very high mathematics requirement, for example engineering, are also recommended to study Mathematics C in addition to Mathematics B, although most Australian universities do not require this course as a pre-requisite to gain access. The major areas of study which are included in Mathematics B and C which are not addressed in Mathematics A are algebra, trigonometry and calculus. Students who complete Mathematics A normally do not complete Mathematics B or C. While student diversity is often associated with students from nontraditional backgrounds, this secondary school context gives rise to a wide diversity of mathematics preparation in students entering tertiary study direct from school. 
Method
A custom-designed questionnaire was developed commencing with an introductory section which obtained demographic and study behaviour information. The result from the first online assessment task completed in week 3 of the semester and the final overall result were included. The week 3 task comprised 15 multiple-choice items targeting basic algebra skills which were typical of what would be expected at year 10 and 11 at secondary school.
Participants reported the mathematics courses which were being completed at the end of secondary school. To differentiate between participants based upon the amount of mathematics preparation at secondary level, participants were grouped into  Other;  Year 10;  Mathematics A;  Mathematics B only; and  those who had completed both Mathematics B and C.
Thus, the level of mathematics preparedness would be expected to be highest for students who had completed both Mathematics B and C, followed by those who had completed Mathematics B only.
The second section of the questionnaire comprised a number of Likert-style items which utilised a five-point scale ranging from Strongly Disagree, scored as 1, to Strongly Agree, scored as 5. These items were intended to be used to develop summated scales to measure constructs identified during the literature review as being relevant to the participants' performance in mathematics.
Of the 255 students enrolled in the course, the questionnaire was completed by 162 participants giving a 63.5% response rate. The questionnaire was completed in the week 3 lecture of the mathematics course. The gender composition was 101 (62.3%) male and 61 (37.7%) female with a median age of 19.
This composition was representative of the cohort as a whole. A Principal Components Analysis using direct oblimin rotation and Kaiser normalisation was completed using the Likert-style items. A six factor solution was identified which accounted for 65.3% of the shared variance in the factor items.
The six scales comprised a total of 31 items giving a 5.2:1 response-to-item ratio.
Factors were named based upon their constituent items and are summarised in Table 1. All items loaded on their respective factor with a minimum of .544 with all inter-item correlations for a given factor being statistically significant ( ). The Cronbach's alpha values indicate a high level of internal reliability for each scale.
The Staff Support scale included items which specifically targeted the mathematics support which was available from academic staff, and included items such as I discuss my mathematics problems Three items assessed the level of anxiety associated with the participants' study of mathematics.
The items in the Mathematics Anxiety scale were I find 
Results
Participants reported the type of secondary mathematics course being studied at the time of leaving secondary school with the results shown in Table 2 . The table also includes the pass/fail result for each group on the current university mathematics course.
Note that the numbers shown for Pass/Fail in each group do not total to the number who completed the questionnaire in week 3 due to some of the participants withdrawing from the course with no grade being awarded. Participants who chose the Other option included those who had attended secondary school in a different state or country and those who had been home-schooled.
A one-way ANOVA was performed on each of the summated scales and the overall course result using the type of secondary schooling as the control variable. The results are shown in Table 3 . Participants categorised as Other were removed from the analysis as their secondary school backgrounds were not known. In each case outliers identified by reference to the box plot were removed from the analysis. A Kruskul-Wallis test was conducted on the number of hours of weekly study, hours of weekly paid work, the number of classes absent and the result on the first assessment task completed in week 3 of the semester to identify any significant differences based upon the type and number of secondary mathematics courses completed and are shown in Table 4 . The non-parametric test was used as the datasets demonstrated extreme violation of normality.
It is apparent that the number of hours of study completed each week varies substantially depending on which secondary mathematics courses were completed.
A particular issue which appears from this data is that the participants who completed only year 10 mathematics appear to complete a much higher number of hours of weekly work.
The week 3 results demonstrate very little difference, with the exception of those participants who had completed both Mathematics B and C who achieved at a substantially higher level. It should be noted that these participants report the lowest number of hours of weekly study.
A binary logistic regression analysis was also completed to identify those variables which could be used as predictors of course failure at week 3 of the semester. This would give the opportunity to identify the risk factors which could be utilised in the future to identify students at risk of course failure. The variables included in the model were those which indicated reasonable differences on the independent samples t-test and Mann-Whitney U test: Mathematics Efficacy, Mathematics Anxiety and the result on the first assessment task in week 3. Cases with a Cook's influence of greater than 1 and with standardised residuals of greater than 2 were removed from the analysis as recommended by Field (2009) Table 5 .
The analysis at this point indicates that the primary indicators at week 3 of the semester of student failure in the course are the level of Mathematics Efficacy and the result on the first assessment task. A linear regression was then performed to determine the factors which were associated with the participants' Mathematical Efficacy. Table 6 shows the Pearson's r correlations for Mathematics Efficacy.
A standard linear regression was performed using all variables which were significantly correlated with Mathematics Efficacy.
The multiple correlation coefficient ( ) was significantly different from zero ( ). The variables which were found to contribute significantly to the model were Staff Relationships ( ), Mathematics Anxiety ( ) and age (
). The quality of Family Relationships was just outside the cut-off for significance at the 95% confidence level.
The model accounted for 59.4% of the variance in Mathematics Efficacy ( ).
The assumptions of the regression were tested with an examination of the distribution of standardised residuals, which were observed to be very close to a normal distribution, while the plot of residuals versus predicted value indicated homogeneity of variance. The beta values indicate that the major positive influence on mathematical efficacy is the quality of Staff Support provided to the participants ( ), while the major negative influence is the amount of anxiety associated with the study of mathematics ( ).
Discussion
The data analysis has demonstrated the diverse nature of the mathematics preparedness and efficacy of the participants. While only 18.8% of participants who had completed Mathematics B and C failed the course, The logistic regression analysis identified the primary risk factors for course failure at week 3 of the semester as the participants' level of Mathematical Efficacy and their result on the first assessment task. Considering that the first assessment task targeted mathematics only at the years 10 and 11 level, it is concluded that course failure is largely dependent upon the level of preparedness gained through mathematical exposure at the secondary level of education. This supports the findings in previous studies (Hourigan & O'Donoghue, 2007; Kajander & Lovric, 2005; Peard, 2004) .
The lack of preparedness and Mathematical Efficacy of the participants was also strongly associated with a high level of Mathematical Anxiety which previous studies have shown to influence achievement negatively (Ma, 1999; Meece et al., 1990 ).
There are two contrary approaches which are available when interpreting these findings. The first, and perhaps more common, is to describe the diverse nature of the student cohort in terms of the lack of mathematics preparedness of students (Varsavsky, 2010) and the falling standards in mathematics preparation provided by secondary schools (James, Montelle, & Williams, 2008; Otung, 2001; Taylor & Morgan, 1999) . When it is considered that the course completed is essentially a consolidation of year 11 and 12 mathematics, this view appears to be supported due to the high percentage of participants who failed the course who completed Mathematics B (25%) or Mathematics B and C (18.8%) .
The solution when this approach is adopted is to develop strategies which aim to improve the preparedness of students. One strategy to improve preparedness and provide additional support and used at the institution where this study was conducted, is through the provision of a tertiary enabling course in mathematics. This course, which addresses the same content and does not provide credit towards a degree, has been available for a number of years and is normally done by students in the same semester. This strategy, to date, does not appear to have made a substantial impact on the failure rate. The findings suggest that where such a course is completed concurrently, its capacity to improve preparedness and Mathematical Efficacy and reduce anxiety is limited. An alternative option would be the completion of such a course prior to commencement.
A second approach is to address the issue from an institutional perspective where the manner in which the course is presented and the personnel involved are examined. The multiple regression demonstrated that the factors significantly associated with the level of the participants' Mathematical Efficacy were the nature of the relationships with academic staff and family and the level of Mathematics Anxiety. This indicates that one method of improving the student's Mathematical Efficacy, and in turn reducing the potential for course failure, is through the provision of a supportive student-teacher relationship which specifically targets the issue of mathematical anxiety (Furner & Duffy, 2002) . It will be remembered that the level of Mathematics Anxiety was negatively associated with Staff Support ( ) giving additional support for this stance. Mathematics Anxiety was also negatively associated with Mathematical Attitude ( ). This study supports the existing literature (Clute, 1984; Furner & Duffy, 2002; Midgley, et al., 1989) which identifies a role for academic staff in improving the outcomes in mathematics education through the use of appropriate social and supportive teaching pedagogies.
The choice of academic staff in introductory tertiary mathematics courses who utilise social and caring teaching pedagogies directed at improving students' perceptions of their mathematical efficacy and reducing anxiety would also assist in reducing failure in these courses.
As described, the regional university where this study was conducted only provides one first year mathematics course which is completed by all students who require mathematics in their degree program. This requires that the course be presented at a level to support the high level needs of students undertaking programs such as engineering, and includes topics such as matrices and vectors, while still being presented at a sufficiently low level so that students with limited background and preparedness are able to cope with the content. When the diverse nature of the student cohort is considered, it seems that a one-size-fits-all approach of offering only one course may not be appropriate. High failure levels in a compulsory first year course which serves a number of degree programs will also have a detrimental effect across the wider institution. It is proposed that, from an institutional perspective, the opportunity would exist to offer two strands of mathematics at first year level to cater to the diverse needs of the student cohort. It is also proposed that offering the course two semesters per year would also reduce the seriousness of course failure.
Conclusion
This study has revealed factors that are important to reducing the failure rate in an introductory mathematics course. But it should not be considered in isolation. Because of the importance of this course as a pre-requisite for later courses and its completion in the first semester of study for many students, the impact of its failure on wider institutional attrition cannot be ignored. In a small regional university, achieving the balance between providing an appropriate introduction to tertiary mathematics for students with a wide range of mathematical preparedness and providing the staff and financial resources required to do so will not be a simple task. However, in the post-Bradley era (Bradley et al., 2008) , where universities respond by continuing to widen access to tertiary education to non-traditional students, they must accept and meet the responsibility to provide an educational experience which recognises and caters for the students' identified lack of preparedness. This responsibility is further heightened by the current attention being given to problems of improving the uptake and success of students in the study of Science, Technology, Engineering and Mathematics (STEM) by tertiary institutions (Universities Australia, 2012) and the Australian Government (Office of the Chief Scientist, 2012). Tinto's (2008) view that access without support is not opportunity also extends to adapting the manner in which existing programs are offered, not just providing additional support through formal student support services and enabling courses.
